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Monitoring	 drought	 stress	 of	 vegetation	 is	 a	 critical	 component	 of	 proactive	
drought	planning	designed	to	mitigate	the	impact	of	this	natural	hazard.	Approaches	
that	characterize	 the	spatial	extent,	 intensity,	and	duration	of	drought-related	veg-
etation	 stress	 provide	 essential	 information	 for	 a	 wide	 range	 of	 management	 and	
















climate-based	 drought	 indices	 such	 as	 the	 Palmer	 Drought	 Severity	 Index	 (PDSI)	
(Palmer,	1965)	and	the	Standardized	Precipitation	Index	(SPI)	(McKee	et	al.,	1995).	
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Over	this	period,	a	number	of	remote	sensing-based	vegetation	indices	(VIs)	have	been	
developed	from	various	spectral	band	combinations	to	monitor	vegetation	health.
The	Normalized	Difference	Vegetation	 Index	 (NDVI)	 (Rouse	et	 al.,	 1974)	has	
been	 the	 most	 widely	 used	 VI	 for	 large-area	 vegetation	 monitoring	 (e.g.,	 Tucker	
et	 al.,	 1985;	Townshend	et	 al.,	 1987;	Reed	et	 al.,	 1996;	 Jakubauskas	et	 al.,	 2002).	
NDVI	 is	 a	 simple,	 two-band	 mathematical	 transformation	 that	 capitalizes	 on	 the	
differential	response	of	chlorophyll	absorption	and	internal	spongy	mesophyll	layer	
reflectance	 from	 plant	 leaves	 in	 the	 visible	 red	 and	 near	 infrared	 (NIR)	 spectral	














































been	 placed	 on	 developing	 new	 VIs	 in	 support	 of	 drought	 monitoring.	 However,	
































VegDRI	 targets	 the	 effects	 of	 drought	 on	 vegetation	 by	 collectively	 analyzing	
general	 vegetation	 conditions	 as	 observed	 in	 satellite-derived	 VI	 data	 and	 the	
level	of	dryness	expressed	in	climate-based	drought	indices	for	a	specific	location.	
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Additional	 biophysical/environmental	 characteristics	 such	 as	 ecoregion,	 eleva-
tion,	land	use/land	cover	(LULC)	type,	and	soil	type	are	also	considered	because	
they	 can	 influence	 climate-vegetation	 interactions.	 This	 integrated	 approach	
was	developed	to	capitalize	on	the	strengths	of	both	satellite-	and	climate-based	
indices	that	have	been	traditionally	used	for	drought	monitoring.	The	set	of	data	
inputs	 used	 to	 calculate	 VegDRI	 can	 be	 categorized	 into	 three	 components:	
satellite,	 climate,	 and	 biophysical.	 The	 satellite	 component	 provides	 spatially	
detailed	information	about	the	distribution	and	general	health	of	vegetation	from	
1	km	 AVHRR	 NDVI	 data.	 The	 climate	 component	 consists	 of	 two	 commonly	




conditions.	The	biophysical	 component	 comprises	 several	biophysical	variables	
that	 reflect	 different	 terrestrial	 characteristics	 that	 can	 influence	 the	 response	
of	 vegetation	 to	 drought.	 Table	 3.1	 lists	 the	 specific	 VegDRI	 input	 variables,	
which	will	be	further	described	in	this	section	along	with	a	detailed	description	
of	 the	VegDRI	methodology.	This	methodology	consists	of	 four	primary	steps:	











SPI ACIS/NADSS ASCII	(at	sites) Biweekly
PDSI—self-calibrated ACIS/NADSS ASCII	(at	sites) Biweekly
Satellite component variables
PASG AVHRR	NDVI 1	km	raster Biweekly





Soil	AWC STATSGO 1	km	raster Static
IrrAg USGS	MIrAD 1	km	raster Static
Ecological	regions	(ECO) EPA	ecoregions 1	km	raster Static
Elevation	(DEM) 1	km	raster Static








































Land use/land cover type
Irrigation














































3.2.3.1.1 Percent Annual Seasonal Greenness
The	PASG	provides	a	measure	of	how	vegetation	conditions	for	a	specific	biweekly	
period	 in	 a	 given	 year	 compare	 to	 the	 historical	 average	 conditions	 for	 the	 same	
period	over	the	20	year	record	of	AVHRR	NDVI	observations.	In	order	to	calculate	
the	 PASG	 for	 each	 period,	 a	 historical	 median	 growing	 season	 window	 for	 each	
1	km	pixel	in	the	AVHRR	imagery	is	determined	by	identifying	the	Start	and	End	
Of	Season	Time	(SOST	and	EOST)	day	of	year	(DOY)	from	annual	AVHRR	NDVI	


























 ×µ 0 100. 	 (3.1)
Brown	 et	 al.	 (2008)	 provide	 additional	 details	 regarding	 the	 PASG	 calculations.	
A	 low	 PASG	 value	 (e.g.,	 <50%)	 for	 a	 specific	 biweekly	 period	 indicates	 below-
normal	 (stressed)	vegetation	conditions	compared	 to	 the	historical	conditions	 for	
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that	period,	while	high	PASG	values	greater	than	100%	reflect	above-average	(or	
nonstressed)	vegetation	conditions.











3.2.3.1.3 Out of Season
The	OS	metric	represents	the	nongrowing	season	period	when	vegetation	is	dormant.	


















calibrated	 PDSI	 and	 SPI	 was	 calculated	 on	 a	 biweekly	 time	 step	 consistent	 with	
PASG	calculations.














3.2.3.2.2 Palmer Drought Severity Index
The	PDSI	 is	a	prominent	drought	 index	 that	has	been	widely	used	 to	assess	agri-
cultural	drought	 in	 the	United	States	(Keyantash	and	Dracup,	2002).	The	PDSI	is	
calculated	from	a	simple	supply-and-demand	model	of	water	balance	that	integrates	
precipitation	 and	 temperature	 information,	 as	 well	 as	 the	 available	 water	 holding	
capacity	of	the	soil	at	a	given	location	(Palmer,	1965).	A	new	self-calibrated	PDSI	
(Wells	 et	 al.,	 2004)	 is	 used	 in	 VegDRI,	 which	 calibrates	 the	 constants	 and	 dura-
tion	factors	in	the	PDSI	computations	to	the	local	environmental	characteristics	of	






3.2.3.3.1 Land Use/Land Cover
The	LULC	variable	was	incorporated	into	VegDRI	to	reflect	the	variety	of	seasonal	
cycles	and	climate-vegetation	responses	exhibited	by	different	LULC	types.	A	1	km	












Dataset	 (MIrAD)	 developed	 from	 a	 combination	 of	 MODIS	 NDVI	 data,	 USDA	
county	irrigation	statistics,	and	LULC	information	(Brown	et	al.,	2009).	The	1	km	
IrrAg	 map	 represents	 the	 percentage	 of	 irrigated	 250	m	 MIrAD	 pixels	 contained	
within	each	1	km	pixel	footprint.
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The	 ecoregion	variable	provides	 a	 geographic	 framework	 to	 account	 for	 the	 con-
siderable	 variability	 in	 environmental	 conditions	 encountered	 across	 the	 CONUS	
that	can	 influence	 the	 level	of	drought	 stress	experienced	at	a	given	 location.	For	
example,	two	locations	(e.g.,	High	Plains	versus	Flint	Hills)	may	be	assigned	to	same	
general	grassland	class	by	the	LULC	variable	but	may	have	differing	responses	to	
drought	 because	 they	 represent	 different	 general	 grassland	 types	 (e.g.,	 shortgrass	
versus	 tallgrass	 prairie)	 with	 different	 dominant	 species	 compositions	 (e.g.,	 cool-	












was	extracted	and	assembled	for	 the	2417	weather	station	 locations	 in	Figure	3.2.	












average	 for	 that	period	because	of	 the	nonvegetated	spectral	 signal	detected	 from	
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linear	 regression	 VegDRI	 model.	 Each	 model	 incorporates	 historical	 data	 for	 the	
“dynamic”	climate	and	satellite-based	variables	while	holding	the	biophysical	vari-
ables	constant	over	a	four-biweek	window	that	includes	the	current	biweekly	period	
(e.g.,	 biweek	 10)	 plus	 the	 three	 prior	 biweekly	 periods	 (e.g.,	 biweeks	 7,	 8,	 and	 9)	
in	 the	 calendar	 year.	 As	 discussed	 earlier,	 the	 self-calibrated	 PDSI	 serves	 as	 the	
dependent	 variable	 in	 these	 empirical-based	 models,	 providing	 a	 well-established	

















































the	 remote	 sensing	 inputs	 (i.e.,	PASG	and	SOSA)	and	SPI	 to	 estimate	PDSI	values	
across	the	CONUS	in	the	1	km	VegDRI	map	generated	in	this	final	mapping	step.









































































































































tion	 to	 calculate	 the	PDSI	validation	data	 sets,	 these	 results	 should	be	viewed	 as	
a	 “best	 case”	 accuracy	 of	 VegDRI	 because	 calculations	 in	 the	 VegDRI	 maps	 for	
locations	between	stations	are	based	on	spatially	 interpolated	PDSI	values	 (rather	
than	from	observed	station	data).	As	a	result,	correlation	values	in	the	map	lacking	












drought	 patterns	 and	 improved	 spatial	 resolution	 of	 information	 provided	 by	 this	
index.	 The	 USDM	 (http://drought.unl.edu/dm/monitor.html)	 represents	 an	 appro-
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D0 abnormally dry 
D0 abnormally dry 
July 28, 2009
FIGURE 3.4 VegDRI map (a) for July 13, 2009, and USDM maps for July 14 (b) and July 
28 (c), 2009, over the continental United States. The black circle highlights an area of central 
Ohio that was classified as predrought stress in the VegDRI map but lagged by 2 weeks in the 
USDM maps, which did not show abnormally dry conditions until late July. The red boxes 
on the VegDRI map delineate the geographic extent of the local case study areas presented 
later in Section 3.4.
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ranked	 as	 the	 third	 lowest	 production	 total	 since	 1962.	 In	 addition,	 local	 media	
reports	collected	by	 the	Drought	 Impact	Reporter	 (http://droughtreporter.unl.edu/)	
stated	that	more	than	90%	of	the	cotton	and	sorghum	crops	in	these	counties	were	
destroyed	by	drought,	and	the	harvestable	crop	was	of	poor	quality.
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3.3.3.2  Arizona




































































FIGURE 3.5 Local-scale VegDRI results on June 29, 2009, over south Texas (a), on 
November 2, 2009, over the state of Arizona (b), and on August 10, 2009, over eastern 
Minnesota and northern Wisconsin (percentages for highlighted locations represent the per-
cent of historical average precipitation received at those locations in 2009) (c).
Drought_Monitor DM
(a) (b)
D0 abnormally dry D1 drought–moderate D2 drought–severe
D3 drought–extreme D4 drought–exceptional
FIGURE 4.5 USDM maps over the study area for (a) July 29, 2008 and (b) July 28, 2009.









ous	 reports	of	crop	 losses,	degraded	 rangeland	conditions,	and	negative	 impacts	on	




depicted	 by	 VegDRI	 in	 Figure	 3.5b,	 with	 the	 majority	 of	 Yuma	 County	 and	 much	







central	 Minnesota	 and	 northwest	 Wisconsin	 throughout	 the	 2009	 growing	 sea-












reflects	 the	 localized	 precipitation	 gradient	 recorded	 during	 the	 2009	 growing	
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in	 2009.	 Foresters	 in	 northern	 Wisconsin	 reported	 an	 increased	 rate	 of	 mortality	
among	several	tree	species	(e.g.,	oak	and	maple)	primarily	attributed	to	the	increased	






and	 northern	 Wisconsin.	 Locations	 classified	 by	 VegDRI	 to	 have	 near-normal	
vegetation	conditions	south	of	the	core	drought	area	(near	stations	such	as	Beaver	
Dam,	Harmony,	and	Sparta)	were	not	assigned	a	drought	declaration	by	USDA.	This	
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environment	to	produce	1	km	resolution	national	maps	that	depict	“drought-related”	





























of	LST	on	vegetation	 conditions.	 In	 addition	 to	geographic	 expansion	of	VegDRI	













and	 other	 drought-related	 indices	 and	 indicators	 such	 as	 the	 Evaporative	 Stress	
Index	(ESI)	(Anderson	et	al.,	2007,	2010)	and	the	USDM	are	also	being	conducted	
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to	 better	 understand	 the	 complementary	 drought	 information	 that	 VegDRI	 can	
provide.	Quantitative	validation	of	VegDRI	trends	with	in	situ–based	biophysical	
measures	of	vegetation	(e.g.,	biomass)	is	also	planned,	but	such	long-term	data	sets	





in	 this	 chapter	 to	 establish	 the	 relative	 strengths	 and	 weaknesses	 of	 this	 hybrid	
drought	index.
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